Abstract. Tris(dithiocarboxylato)indium(III), [In{S 2 CAr} 3 ] (Ar = phenyl or p-tolyl) have been synthesized and characterized. The molecular structure of [In(S 2 Ctol) 3 ] established by single crystal X-ray diffraction revealed a distorted octahedral geometry with symmetrically chelating dithiocarboxylate groups. These complexes on thermolysis gave β-In 2 S 3 which was characterized by XRD and EDX.
Introduction
Classical and organometallic chemistry of gallium and indium with 1,1-dithiolate ligands (scheme 1) has been investigated for more than half a century and in general ligands of types A-C have been used in these studies. 1 The potential of these complexes as a single source precursor for the preparation of metal sulfide thin films and nanoparticles has been realized only recently. [1] [2] [3] [4] Indium sulfide (β-In 2 S 3 ), a direct band semiconductor, finds applications in opto-electronic and photovoltaic devices and as passivating agents for III-V devices.
Recently we have reported dithiocarboxylates of gallium and indium.
5 Dimethylindium dithiocarboxylates on thermolysis afforded β-In 2 S 3 .
5 The present work has been carried out with the objective to identify structural motif adopted by tris dithiocarboxylate complexes and to assess their suitability as molecular precursors for the preparation of indium sulfide nanoparticles. The results of this work are reported here.
Experimental

Materials and methods
All experiments involving indium compounds were performed under anhydrous conditions in a nitrogen atmosphere using Schlenk techniques. Solvents were dried by standard procedure. Anhydrous indium trichloride was used as such. Dithiocarboxylic acids were prepared by the reported methods. 0⋅35 × 0⋅28 × 0.22
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Preparation of β-In 2 S 3 nanoparticles
In a typical experiment [In(S 2 CAr) 3 ] (Ar = Ph, tol) (100 mg) was taken in a round bottom flask fitted with a Liebig condenser under N 2 . Hexadecylamine (10 g) was added and this mixture was refluxed (330°C) with stirring for 4 h. The greenish-yellow residue obtained after decomposition was washed thoroughly with methanol and dried in vacuo.
Crystallography
Intensity data for single crystal of [In(S 2 Ctol) 3 ] were collected on a Bruker Smart APEX CCD diffractometer using Mo-Kα radiation (λ = 0⋅71073 A), employing the ω scan technique. The intensity data were corrected for Lorentz, polarization and absorbtion effects. The structure was solved and refined with SHELEX program. 7 The non-hydrogen atoms were refined anisotropically. Crystallographic data are given in table 1 and are deposited to CCDC (No 680806).
Results and discussion
The complexes, [In(S 2 CAr) 3 ] (Ar = Ph or tol) have been synthesized by the reaction of InCl 3 with an appropriate dithiocarboxylic acid in the presence of triethylamine as HCl scavenger. 5 The resulting complexes were recrystallised from benzene-hexane as yellow orange crystalline solids which gave satisfactory analysis. Their NMR data ( 1 H and 13 C{ 1 H}) were in conformity with the reported values. The mass spectra of these complexes did not show molecular ion peaks, but displayed peaks attributable to 'M-L' fragment (m/z = 421 (Ar = Ph); and 449 (Ar = tol)).
The structure of [In(S 2 Ctol) 3 ] has been established unambiguously by single crystal X-ray diffraction analysis. The complex crystallizes with a molecule of benzene which is omitted from figure 1. Selected bond lengths and angles are given in table 2. The indium atom adopts a trigonally distorted octahedral geometry. All the three dithiocarboxylate ligands are symmetrically chelated to indium atom with very similar all the six In-S distances (av. 2⋅06 Å) which 
In1-S1
2⋅5900 (14) C1-S1 agree well with the reported values. [8] [9] [10] The two C-S distances (av. 1⋅69 Å) are also similar as a consequence of symmetrical chelation of the dithiocarboxylate ligand, indicating delocalization in 'CS 2 ' skeleton. The four-membered 'InS 2 C' rings are planar. The S-In-S angle (68⋅73°) is as expected for a small bite dithio ligand. The S-In-S angles 1 for tris (xanthato/dithocarbamato)indium(III) are ~69°.
We have recently reported structures of Sb(S 2 Ctol) 3 and Bi(S 2 CPh) 3 in which dithiocarboxylate ligands are asymmetrically chelated with the M-S distance differing by 0⋅17-0⋅45 and 0⋅12-0⋅36 Å, respectively.
11 In these complexes metal atoms acquire a pyramidal configuration with stereochemically active lone pair of electrons.
11
Decomposition of [In(S 2 CPh) 3 ] was studied by thermogravimetric analysis (TGA) (figure 2) which showed a single step of decomposition with the onset temperature of 190°C and weight loss of 69⋅8% (Calcd wt loss 71⋅6% for In 2 S 3 ). Pyrolysis of these complexes was carried out in various solvents such as ethylene glycol (190°C), 1,4-butane diol (230°C), polyethylene glycol (290°C) and hexadecylamine (HDA) (330°C). Thermolysis in glycols gave products showing very broad XRD patterns. Pyrolysis in HDA at 330°C, however, proceeded cleanly with the formation of β-In 2 S 3 . The X-ray diffraction pattern (XRD) of the later indicated predominance of tetragonal phase (JCPDS File No: 25-0390) (figure 3) with some contamination of cubic phase (JCPDS File No: 32-0456). Energy dispersive X-ray analysis (EDX) of these samples were consistent with In 2 S 3 (Found: In = 70⋅1%, S = 29⋅9% (from [In(S 2 CPh) 3 ]); In = 69⋅4%, S = 30.6% (from [In(S 2 Ctol) 3 ]) and Calcd for In 2 S 3 : In = 70⋅5%; S = 29⋅5%). The scanning electron microscopy (SEM) images (figure 4) of these particles revealed their spherical nature.
